Hypohidrotic ectodermal dysplasia (HED) is the most common form of ectodermal dysplasia, and is characterised by the cardinal features hypohidrosis (due to hypoplasia of sweat glands), hypotrichosis (sparseness of scalp and body hair) and hypodontia. 
Summary
Hypohidrotic ectodermal dysplasia (HED) comprises a large group of inherited disorders of ectodermal structures, characterised by hypo-or anhidrosis, hypotrichosis and hypo-or oligo-or anodontia. We aimed to systematically assess the spectrum of prosthodontic approaches with regard to the patients' age and to provide clinical implications for practicing dentists. An electronic and manual search was conducted in four databases (Medline, LIVIVO, Cochrane Library, Web of Science Core Collection).
Publications of multiple study designs written in English or German without data restrictions, reporting on prosthodontic treatment of patients diagnosed with HED and afflicted with oligo-or anodontia, were included. In total, 75 articles on 146 patients were analysed according to the patients′ age. In children aged 2-17 years, removable full or partial (over)dentures represented standard treatment. In the mandible, implantsupported removable dentures on two interforaminal implants presented an alternative, already in young childhood. In cases with more than six teeth per jaw, also fixed (resin) bridges were used, frequently after orthodontic treatment. In adults, fixed or removable reconstructions with the help of up to eight implants per jaw, usually placed after bone augmentation procedures, were standard. Ten case reports/series with long-term follow-up illustrated the need for consistent maintenance including denture renewals. Prosthodontic rehabilitation should start in early childhood and needs to be revised in accordance with the patients' growth. Treatment should be carried out by a multidisciplinary team addressing variable demands in different age groups.
K E Y W O R D S
anodontia, dental management, ectodermal dysplasia, oligodontia, prosthetic/prosthodontic treatment, XLHED prosthetic rehabilitation should be performed before school enrolment. 5, 8 In patients with anodontia, prosthodontic rehabilitation should start by means of full dentures; implant placement and restoration by overdentures should be considered in the mandibular canine region at the age of 5-10 years and in the maxilla at 6-10 years. Fixed implant-supported reconstructions were agreed upon only in patients older than 18 years. In patients with hypodontia, there is no consensus whether removable partial dentures should be delivered as early as at the age of 2-3 years, or whether orthodontics and removable partial dentures with implants are better treatment options at the age of 6-10 years. 6, 7 However, in patients aged >10 years, orthodontic treatment combined with removable partial or implant-fixed dentures was consensually seen as a feasible treatment modality. It was agreed that the use of implants in children should be based on patient-specific requirements and that oral rehabilitation should be minimally invasive for these patients. 6 Despite these treatment recommendations, prosthetic rehabilitation of patients diagnosed with HED is challenging. In general,
little experience with the long-term outcome is available due to the rarity of these syndromes. The purpose of the present systematic search was the comprehensive review of prosthetic approaches in individuals diagnosed with HED and to give treatment recommendations according to the patients' age and based on the available evidence.
| MATERIAL AND ME THODS

| Literature search strategy
The systematic search was performed according to PRISMA guidelines 9 and was registered at Prospero under 42017070907. It was conducted on the following electronic databases until 21st of June 2017: Medline (PubMed), LIVIVO, the Cochrane Library, and Web of Science Core Collection. The database Medline (PubMed) was searched with the following keywords: ("hypohidrotic ectodermal dysplasia" OR HED OR XLHED OR "anhidrotic ectodermal dysplasia" OR EDA OR "Christ-Siemens-Touraine Syndrome" OR "CST syndrome") AND ("dental treatment" OR "dental care" OR "dental management" OR "dental procedure" OR prosthetic* OR prosthodontic*). For the other two databases, comparable terms were used but modified to be suitable for specific criteria of the particular database. Additionally, grey literature (www.opengrey.eu;
www.clinicaltrials.gov) was browsed and a "manual search" was performed on the reference lists of the selected articles and identified reviews: Prospero registration number CRD42017070907.
| Screening and selection
The following inclusion criteria were applied: (i) Population: individuals clinically diagnosed with HED and oligodontia (defined as >5 missing teeth) or anodontia; (ii) Outcome: type of prosthetic rehabilitation; (iii) English or German language; (iv) full text available. There were no restrictions on publication date. All clinical studies published in peerreviewed scientific journals were considered. Excluded were cell culture laboratory studies, animal studies, questionnaire studies, and reviews.
Titles and abstracts were checked with regard to the pre-defined eligibility criteria. Abstracts with unclear methodology were included in full-text assessment to avoid exclusion of potentially relevant articles.
| Quality assessment
Quality assessment tools were available from the National Heart, Blood, and Lung Institute (Bethesda, MD, USA), 10 and the Joanna Briggs Institute (Adelaide, Australia). 11 Each study was classified into the following groups: low risk of bias if all quality criteria were judged as "present", moderate risk of bias if one or more key domains were "unclear", and high risk of bias if one or more key domains were "absent".
| Data extraction
The following main outcomes were extracted for each individual: (i) type of prosthodontic treatment; and (ii) patients′age group: early childhood (<6 years of age); kid (6-9 years of age); teenager (10- 
| RE SULTS
| Study selection
The flowchart of the literature search is presented in Figure 1 . Of 231 originally identified studies, 79 articles were finally included for quality analysis. After quality analysis, four studies were excluded because clinical conditions, interventions or post-intervention conditions were classified as high risk of bias. [12] [13] [14] [15] Quality was assessed as moderate risk of bias for 17 studies, and as low risk of bias for 58 studies.
| Population
In total, 146 individuals (119 male; 27 female) diagnosed with HED were included in the present systematic review. The diagnosis (XL)HED was established clinically by the presence of hypo-or anhidrosis, hypotrichosis, hypo-or anodontia, and typical craniofacial dysmorphologies, with or without a positive family history or other tests such as skin biopsy (n = 6), [16] [17] [18] [19] [20] dermatoglyphic findings (n = 3), 21 microscopic sweat pore counts in vivo (n = 1) 22 or starch-iodine test (n = 1). 23 The clinical diagnosis of (XL)HED was reported as genetically confirmed in 29 male individuals. [24] [25] [26] [27] [28] [29] [30] [31] All but two studies provided demographic and clinical features for each affected individual; for standard descriptive analysis, these two cohort studies were excluded. 26, 32 The included individuals were classified into four age groups: (i) early childhood, aged <6 years (n = 38); (ii) kids, 6-9 years (n = 41); (iii) teenagers, 10-17 years old (n = 16); (iv) adults, aged >17 years (n = 34).
Individuals of different age groups belonging to one case series are mentioned in each appropriate category; therefore, one and the same case series may be listed in several age groups. Eighteen additional individuals were treated several times at different ages, and are included in category (v) long-term reports with several follow-up treatments. 
| Early childhood-primary dentition
| Anodontia
All but two individuals of the present age group affected by anodontia in one (n = 8) or both jaws (n = 8) were provided with full dentures. One individual aged 4 years with anodontia of the mandibula received a fixed implant-supported denture on four interforaminal implants. The same individual was restored with a fixed toothsupported denture in the maxilla, attached to four teeth and providing prosthetic reconstruction from canine to canine.
| Oligodontia
Children with oligodontia had a median number of 4 (2/9.2) primary teeth. For prosthetic reconstruction, 3 (2/5) primary teeth were used in the maxilla and 2 (1/3.2) teeth in the mandibula. Standard prosthetic treatment for oligodontia in this age group was a toothsupported removable partial denture, mostly with clasps. Montanari et al 2012 in their case series provided removable dentures with expanding screws. In one individual aged 5 years, a central endosseous implant was placed in the lower jaw to increase retention of the removable partial denture. 43 Two individuals were restored with overdentures in the maxilla (number of primary teeth: 2). Long-term follow-up intervals were set to a range of three to 6 months.
| Kids, mixed dentition
Eighteen case reports, 16, 18, 19, [48] [49] [50] [51] [52] [53] [54] [55] [56] [57] [58] [59] [60] [61] [62] five case series, 21, 24, 44, 46, 63 and one cohort study 26 Table 5 . n, number; y, years; n/a, not available. Table 5 . n, number; y, years; n/a, not available. TA B L E 2 (Continued) (33 males, six females) with HED at ground school age (Table 2 ). One individual was described twice, 63, 64 but is only included once in our analysis. At the time of prosthetic rehabilitation, children of this age group were 7.5 (6/9) years old.
| Anodontia
All but two individuals of the present age group affected by anodontia in one jaw (n = 7) or both jaws (n = 7) were provided with full dentures. In two cases, the anodont mandibula was restored by an overdenture supported by two interforaminal implants with single attachments. The oligodont maxilla was restored with full dentures, removable partial tooth-supported dentures, and in one case with an overdenture on two permanent teeth.
| Oligodontia
Kids 
| Teenagers -permanent dentition
Fifteen case reports 17, 23, 29, [65] [66] [67] [68] [69] [70] [71] [72] [73] [74] [75] [76] and two case series 21, 64 reported on prosthetic rehabilitation of 17 teenagers (13 males, 4 females) aged 10-17 years with HED (Table 3) . At the time of prosthetic rehabilitation, teenagers were 13 (10/16.4) years.
| Anodontia
Four out of six individuals (aged 11-14 years) affected by anodontia of the lower jaw were provided with full dentures. Two individuals (aged 12 and 14 years) received removable complete dentures supported by two interforaminal implants with ball attachments, 65 or gold bars on four implants, 66 respectively.
| Oligodontia
Teenagers with oligodontia had a median number of 3 (1.8/10.2) primary teeth and 4 (2/14) permanent teeth. For prosthetic reconstruction, 4.5 (2/10) permanent and/or primary teeth were used in the maxilla, and 3 (1/8) teeth in the mandibula. Prosthetic standard treatments of oligodontia in this age group were tooth-supported overdentures with copings (maxilla n = 6, mandibula n = 3) and removable partial dentures in combination with composite restorations or crowns (maxilla n = 7, mandibula n = 4). One individual with eight teeth available for rehabilitation in each jaw was reconstructed with fixed-tooth-supported dentures. Two individuals received fixed implant-supported dentures. Long-term follow-up intervals were set to a range of 1-6 months.
| Adulthood-permanent dentition
Six case reports, 27,77-81 one case series 82 and one cohort study 32 reported on prosthetic rehabilitation of 33 adults (20 males, 13 females) aged >17 years with HED (Table 4) . At the time of prosthetic rehabilitation, the patients were 18.5 (18/38.2) years old.
| Anodontia/edentulous
In addition to two patients with anodontia of one or both jaws, three individuals received extractions of all remaining teeth in one or both jaws. In all patients with edentulous upper jaws (n = 4), eight implants were placed and reconstructed with either fixed implant-supported prostheses (n = 2) or gold bar-retained overdentures (n = 2). The same prosthetic procedures were provided for edentulous lower jaws (n = 4), but with six implants for bar-retained overdentures (n = 2) and seven to eight implants for fixed implant-supported prostheses.
| Oligodontia
Adults with oligodontia had a median number of 4.5 (2.5/6.5) pri- Long-term follow-up interval was reported in two case reports with 6 months.
| Long-term follow-up cases
Eight case reports 20, 25, 31, [83] [84] [85] [86] [87] [88] and two case series 24 Table 5 . n, number; y, years; n/a, not available. Prosthetic rehabilitation at an age of >17 y was reported in 33 adults diagnosed with HED (7 case reports/series and one cohort study (Zou et al 2014) ). Adults with several follow-up treatments are included in Table 5. 1st, primary dentition; 2nd, second dentition; n, number; y, years; n/a, not available.
TA B L E 4 Prosthetic rehabilitation of adults
a Number of teeth available for prosthetic rehabilitation.
several prosthetic follow-up treatments (Table 5) ; the case report by
Bergendal 1991 84 with a follow-up of 9 years was described again by Bergendal 2015 31 with a follow-up of 29 years. At the time of first described prosthetic rehabilitation, the patients were 6 (3/11.6) years old. Observation time ranged from 2 to 29 years.
| Dental procedures
At the time of first prosthetic reconstruction, patients presented with 4 (0/10.4) primary teeth and 5 (2/11.4) permanent teeth. Up to adulthood (age, 18 years), all individuals were treated with removable prosthetic devices: In case of anodontia of one (n = 4) or both jaws (n = 1), full dentures were provided in all patients, in case of oligodontia removable partial dentures, mostly with clasps were provided in all but three individuals. Two individuals aged three and 15 years received overdentures without preparing teeth, 25, 88 and one individual received an implant-supported overdenture with ball attachments in the mandibula at age 6 years. 31 Removable devices were replaced by new ones every 2.5 (1/5) years. Three individuals were monitored until adulthood, 83, 88 and received fixed teeth-and/ or implant-supported dentures at the age of 20-22 years. In three individuals presented in the case series Sfeir et al, 89 mini implants were used to either attach single or linked crowns or to retain a removable mandibular denture.
| D ISCUSS I ON
Prosthetic rehabilitation of patients diagnosed with orphan diseases is challenging. In general, little experience is available due to the rarity of these syndromes. The present systematic review aimed to present the spectrum of prosthetic approaches for individuals diagnosed with HED and to provide treatment recommendations according to the age of the affected patient.
There has been agreement that first prosthodontic treatment by means of removable dentures should take place at an age of at least 2 years. 6 The youngest children reported on prosthetic rehabilitation of HED in the literature were indeed 2 years old; however, median age of first prosthetic treatment in the youngest age group of the present cohort was higher with 4 years. In children, full dentures were standard treatment in the edentate maxilla and mandible. Alternatively, in accordance with the consensus statements, implant-supported removable dentures with one to four implants and single attachments/bars were delivered in the edentate mandible. Although, in general, dental implant placement is contraindicated in the growing jaw, 90 children with severe oligodontia or anodontia may benefit from implants placed in selected regions; an improvement of denture retention may enhance both craniofacial and psychosocial development. 6, 91 The use of mini-implants was described in four publications. 26, 59, 70, 89 With regard to their advantages -reduced diameter, small surgical insertion protocol, no need for submerged healing, immediate prosthetic restoration, small costs 89 -they should be considered as feasible provisional solution until the completion of growth. Neither complications of implant placement, nor implant failures in children were reported, even though small bone volume and extremely hard bone have been shown to cause a high implant failure rate in young children with ED. 92 Thus, a report bias owing to publication of predominantly successful cases must be considered. 93 In oligodont jaws, removable partial dentures with clasps represented the standard restoration in children; overdentures presented an alternative. In addition, direct composite technique was frequently used to reshape conical teeth. In case of presence of >6 teeth, fixed tooth-supported restorations, most often resin crowns/bridges, were frequently used. One 9-year-old girl was provided with full ceramic crowns. 62 One 4-year-old boy with an edentate mandible was restored by a fixed cantilevered metal ceramic bridge (33-43) on four interforaminal implants and by a fixed tooth-supported cantilevered metal ceramic bridge (13-23) on four anterior teeth with no further teeth present. 21, 33 Poor vertical growth of both maxilla and mandible resulted in a reduced lower facial height, and less maxillary than mandibular growth in the sagittal direction resulted in a class III skeletal relation. 33 To the authors′ understanding, a fixed implant-supported restoration in the mandible in this age group and the non-replacement of posterior teeth does not seem a commendable treatment option with respect to chewing ability and craniofacial development.
Prosthetic treatment planning of children with oligo-or andodontia has to consider craniofacial growth, as a favourable maxillomandibular relation improves the aesthetic appearance and facilitates the permanent rehabilitation in the grown-up patient. Sfeir et al introduced the "proprioceptive passive expansion prosthesis", which allows transversal maxillary sutural growth. 26 Transversal maxillary growth may also be enhanced by a jackscrew in the maxillary partial denture, 87 or by a removable maxillary device combined with crossbite-elastics. 74 In the vast majority of cases, orthodontic therapy was dentoalveolar and comprised the pre-prosthetic alignment of teeth. Orthognathic surgery was not reported in any case included in this study.
In adults aged >17 years, placement of eight implants was standard treatment in the edentate maxilla, and placement of six to eight implants was standard treatment in the edentate mandible. This reflects the older patients′ increasing desire for more comfort and aesthetics and their motivation to undergo extensive surgery. Usually bone augmentation procedures were required prior to implantation due to atrophic alveolar ridges. Reconstruction was accomplished either with gold bars and removable partial dentures or with fixed full arch bridges. In cases of oligodontia, a smaller number of implants were required for rehabilitation by fixed partial dentures. In cases with moderate oligodontia, tooth-supported fixed partial dentures presented an alternative.
The following prosthetic treatment recommendations can be derived from the included case reports:
(1) In children with anodontia or severe oligodontia, early prosthetic treatment at less than 5 years of age is reported in most cases and seems to be favourable in terms of food intake, development of speech, and socialisation. 
TA B L E 5
TA B L E 5 (Continued)
(2) Regardless of age, removable full-, partial-or overdentures present a frequently applied treatment modality in children. Present teeth are usually used for denture attachment, mostly with clasps.
Interforaminal implants with single attachments or bars are useful to enhance denture retention in the an-/oligodont mandible.
Implant survival in early childhood was reported in two case reports with four and 6 years. 33, 43 In children aged six to fourteen years, mandibular implant survival times of one up to 26 years were reported. 26, 31, 65, 66, 73, 89 (3) In an-/oligodont adult individuals, implants are frequently placed, as most patients desire a comfortable, palate-free fixed or removable restoration. Pre-implant bone augmentation in atrophic alveolar regions is thereby necessary in most cases.
Primary or permanent teeth considered of little prosthetic value may be extracted in the course of rehabilitation by means of implants. 77, 82 The extraction of firm, non-carious teeth and the subsequent provision of a full denture, as described by Jain et al 2010, 71 does not appear to be a warrantable procedure to the authors.
(4) A consistent attendance comprising oral hygiene, denture adaptation and renewal, and a stepwise approach to treatment goals, serves as a basis for treatment success. Renewal of full-or overdentures has to be expected after 1-3 years, 20, 25, 85, 87 and renewal of partial dentures after one to 6 years. 24, 31, [85] [86] [87] [88] Even though the validity of conclusions drawn from a review based mostly on case reports presenting snapshots in time is limited, this 
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